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A COMPLETE TANK TEST OF A ltO12ELOF A FLYING-BOAT

HULL - N.A.C.A. MODEL 15

By James M. Shoenaker

SUMWRY

A model of a z-ste~ flying-boat hulz, of the t~e gGn-
erally used in England, was tested according to the-~”&ffi=’—‘“--
plete method described in N.A.C.A. Technical Note Noa 464.
‘l%e lines of this model were taken from offse”ts given by
b4r@ Filliam Kunro in Fltght, Me,y ,29, 19310 The data cover
the range of loads, speeds, and trim eagles ‘tliia~may he of
use in applying tb-e hu’11 form to the dssign of any sea-
plane. The results are reduced to nondimensional form to
aid application to design problems and facilitate compari-
son with the performance of other hulls.

The water characteristics of Model 16 are compared
with those of Kod.el 11-A, which is rey~esentati,ve of c-m-
rent American practice., The res-alts show that whe~ the
two forms” are .zpyi,iedto a given seaplane design under op-
timum conditions for each, the perfor~fi=ace of Model 16
will he some~hat inferior to that of Model. 11-A.

INTRODU(3TION

The development of flying boats si.ncethe World. War
has been rapid and widespread. Partly bec”ause df their
military applications exchange of ~e-c=nical information on
hull forms has been somewhat restricted, As a result, the
designers of the various nations have pursued policies of
independent development that ha.ie given yisg to ,striking
differences in the lines of-flying-boat hulls. - Although It
is probablo that the water performance of good .exam~les of
th~ various types will show little difforcnce, direct corn-,
parisons are not possi%lo at presoat bocausg of the scar-
city of ~ublishod test results. Comparison of-such-r-b-
suits as havo %oen published is unsatisfactory, moreover,
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2 N,”A,C.A. Technic& “N,ote No. 471

because the tests have usually been made by the hydrovane
method. The Difficulty of applyiag such test data to a
general. study of hull forms, and the advantages of the
complete method of testing, are pointed out in reference Is

As a result of thoso considerations, the N.A..C.A. has
undo.rtaken to test hulls of the warious t~os, so that fu-
ture dovolopmont may bQ concontratod on tho forms showing
greatest promise. Unfortunately, authentic lines of good
hulls are still difficult to,obtain, and any attempt to
approximate the form of a given hull from such information
as is published may result in a model which is not a fair
representative of the type. It is to be hoped. that hull
li.nos and test data will be exchanged more Ireely i.n the
future, to tho %enefit of all concorned.

The lines of Model 16 wor,e fairod from offsets given

in roforonce 2. !l?hohull is boliovod to bo roprosontativo
of current Britfsh practice. Tho tests woro mado in tho
N.A.C,A. tank in I)ocomhor 1932, and January 1933.

AYPARATUS AND PROCEDURE

l~ethod of Test .

Tilo equipnent of the N.A.C.A. tank is described in de-
.

tail in reference 3. l%e purpose and technic of the -com-. .. .——..— --—-——— -—
plete uethod used in Eos*Zhg Model 16 aro given in rofer-

.—

enco 10 Briefly, this method consists of dotermini.ng tho
rosistemce, trlmmin~ momont, and draft of tho modal at all
combinations of tho indopondent variables - speed, load,
and trim angle that lie in the useful range for the model
under test. The results cam be applied to any seaplane
design with assurance that the hull will operate under
conditions giving the lest performance possiblo for the
particular form chosen.

Description of Modal

The lines of ldodel 16 were obtained by refairing the
offsets presented ‘by Mr. William lh.znroIn ref8rence 2.
Offs~ts taken from these refaired lines are gi.voq in tablo
I, and .a drawiug of tho principal lines in flguro 1. Th O
.gmcral form is that in common uso iv ~ngland for largu’
flytng=%oat hulls. It differs from the form general.ly”used

*
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in this country in that the forebody is relatively shorter,
putting the step more nearly under the center .of buoyancy;
the longer afterbody terminates in a transverse second step
rather than in t~,e vertical sternpost or pointed ste~ usual
in Agerican designsi The water ,lines at the bow are al-so-
qomewhat finer, an~ t-he forefoot deeper. than is usual In
+wican” p-ractice.:., .“ .L-. -=.. _

,“
l?he model was made of wood,.painted and rubbed to

g$ve a ,smooth surface. Its “princ~pal dimensions are:

Length, over-all,

Maximu& team,.

Beam at main step,

De>th,’ ‘

Length of f’orebody,

Length if afterbody,

Depth of main step,

Depth of secopd step?

100.0

15m88

15s42

13032

37e6i

39.50

.85

1.07

tn.

n

n

n

11 -- —

1!

n
..

11

The model was made to a tolerance’of %2.02 inch.-
.,

.. . .-..,
RESULTS

Experimental data.. The trimming moment and draft of
the model at rest are given in figures 2 ,and 3 for vari.
ous loads and trim angles~ A positive moment is one-that
tends to increase the trim angle, that is, raise the bow.
These curves may be used. to determine the water line at
resti for any load and Zocation of the c,untor of gravity.
The moment curves are also useful as a measure of the lon-
gitudinal stability of the hull at rests.. . - . ___

Table II yresents the results “of,the towing-test
measurements on the model* These data can bo applied .tQ-.
any size of full-scale hull by t-he cbnvGrsion factors
implied in FroudeIs law, as explained Zn reference 39 The
essential data are presented graphically in figures 4 to 8*

.
,.

A, ~.l.. ..
:
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,“These fi.&re~ ‘are curves of model resist ti,ce”and trimming
‘norae’n*”plot””te,dagainst s~eed, with load on...thewater as a
parameter. ‘ Each curve slieet gtvos the charactorlstlcs for
Orib trim ~rgto. Thb c“onter abgut .whic,htho .rno~pnts.me
t“&& ik showri on the ‘line ~awitig (f~g.. l). .T>o tyim an-

gles are moasurod ’botwoon”tho horizontal, .and th.o baso lino
of the model.

‘Pa cision.- The prepikl’on attained,, in these tests is
approximately as””follows: “

.
Loid, ‘ “’~ *0.3 lb.” “

..
Re8isthnce, * .1 lb.

Trimk’ihg moment, +1.0 I-b.-ft.

Trim angle, * .1°

Speed, +’ .1 f.j20Se
.,

D~j~ at best trim anEl,~.- The difficulties caused by
the large number of .variables$ when the data are used for
take-off calculations, are pointed out in reference la
The method outlined tn that report for el”i.rninatingthe
trim angle as a variable has tieen ,followed here. It con-
sists ,of c’ross-fafring the resistance aga”inst trim angle
to determine the minimum resistance and the best trim an-
gle, i.e., the angle at which the- resistaaco is minimum,
for each speed and load. The nondimensional coofflcfents
used in tho prosenta.tion of tho characteristics at tho best
trim anglo are defined as followg:,.,,.. .. .-

. .,, A“
Load coefficients OA x

W“ b3

CR = ~2L#Resistance coeff”i.cient,

Speed coefficient, Cv -, , .= v
.. :.*.

JT;

A is the Ioad.:,onthe wtiter, lb- . ,. . . ..
where . .

,

.

.

—.

&.

, R,
. . .

resistance of model, Il.”

.

.
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T, speed; f.p. s”. —

w, weight density of water, lb, /cu. fts

t, beam, ft.

g, “acceleration of gravity, ft. /s6c.2

The curves of Cg at the best trim angle To,
plotted against CV with CA as a parameter, are &%ven

in figure 9. The same data are presented In figu~e 10 as
curves of CR against GA with CV as a paramotor. The
first method of plotting the data gives a clearer concept
o.f the behavior of tho hull? but the second is somowhat”
.oasibr to use in the take-off calculation. The best trim
angle To s is plotted against .CV with CA as a parame-
ter.in figure 110 The dotted line in this figure is the
mean value of To to be used. in the first approximation

,.fffthe take-off calculation, as was explained in rqfer-
-mice 1-

,’.
I)ISCiJSSION

,Tegt results.- The curves of resistance and. &&&t-at
constant load plotted against speed (figs- 4-8) ? show the
usual ,tren@s pointed out in reference 1* The rise in r&-
sis%anee in the high-speed ~’ange is rather marked for this
model~ proba’bly because the large area” of the _af~erbody.
causes excessive frictional resistance when spray f-rem
the main stop strikes it. Tho monents at high spo.eas and
high trim an~les, whidh might be expected to be seriously
nose-heavy because of the large “Second step, are in real-
ity of the same order as those for hulls of the American
type. ITo difficulty in pulling the seaplane up to a roa-
sonablo angle -for””take-off is indicated.

.- — ..—

Application of data at best tri~ an~q,- The ap~lica-———
tion. of the data for the %est trim ansles (figs 9=11) to
a take-off problem is explained in d,etail ia reference 1.
Model 16 may require special treatment at very low spoods
bocauso of tho rather high veluo of tho best trim anglo at
S~OQdS bQIOW -the hump. Tho,positivo (t~il-heavy) moW~n-ts
ybtch would havo.tp’@o applied to roach tho best ~nglq ;
would no,t normally ,bo.,a.vailahlo~, This coalition. is aggra-
vated by the fact t~at ~ho best angl.o at”tho hump. is about
yoo Tho momont hero is pos~tivo .(SO,Of$g. 6).; h~nco a

,.
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rather large nose-heavy momont must be applied. to attain
the best angle. Tho procodure’ suggostod is to locato the
center of gravity so that the best trim at the hump can bo
mnintained~ and lot, the angle” at -low speeds deviate from
the host value by the necessary amount. The resulting
take-off porfornanco will be only slightly worse than that
which would obtaiai if the test angles were held throughout,
because the resistance at lcw speeds”doe’s not. change seri-
ously with changes In trim, anil the large amount of excess
thrust, in this region isreduced by a relati~ely small pro-
portion. . ‘“ ..

. .

. .&mma risonw.i th Model l&~4- It has been:pointed out
t:hat,data .f.rorncomplete tests. offer. a better basis of com-
parison between hulls of various forms than has been pre-
viously. available. N.A.C.A. ldodel 11-A (reference 4) is a

,.good example of current practice in this country; conse-
quently, a comparison between;i.t and tiodel 16 will give an
indication of the relative advantages of.the two t~es~
As yet, no method of obtaining a figure. of meri% for a given

hull has been found, because of the great number of varia-
bles involved in the application to a seaplane design.
Curves of A/R against load coefficient at typical values
of speed coefficient, however, give a reasonably good com-
parison. Such curves are shown in figure 12 for Models 16 .

and .11-A- The value of A/R for Model.11-A lies above
that for Hodel 16 at nearly every point, showin~ that a
hull of the form of 11-A when applied to a given seaplane

.

would give a.shorter take-off than one usfng the lines of
Model 16. Quantitative comparison of the performance of
the two hulls, however, can only be made hy carrying
through a tiaketioff calculation, because the best size of
hull, and consequently the values of CV. and CA at a
given speed and load, will be different in the two cases.
The curves show that the value of A/R for Model 16 is low
at high speeds and light loads, but that CA at the hump
can be made high without serious reduction in A/Rm A hull
using these lines should therefore be relatively small to
give the best compromise. From these considerations the
value of CA, based on the load at the hump speed; should
probably be abo~t 0.5 for the first trial,

(+enera~ beha~iorc- Th~,,spray formation of Model 16 is
shown in the photographs, (fig. 13) ?OT several tYPical con-

ditions. At IOW speeds and low angles, with heavy loads~

, the bow is rathe~ ‘fdirty,‘1as is shown in the bow photo-
graph for T = 3 and V = 5.7 f.p.s. At planing speeds
the spr.ay.fs,light and stays reasonably 10w~ because of the L

.,
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arched section,s.of the forebody,

—.
Further. improvemgmt could

no doubt be..obtaineti by means of sp”ioy $~rip8& The photo-
graphs bfor””T ‘= 5° “and V = 49.2 fip~s~” “&how the blister
arising from the ~ain stop and striking the afterbody,
which causes tle pronounced increase of resistance with

- Speed in thqhigh-speed. range, ...

.

.

Although no rough-water tests were mado to dotormino
“ the seaworthin-~ss-’o’f.this model, th6.”~hotographs o? figure
13 indicate that the se.amorthimess will ”~robably Fe satis-
factory except at taxying speeds, where the heavy bow wave
may result in a wet boat. This condition will be made
somewhat worse if the high beam loading and forwarii lo&ca-
tion of the, center of gravity, which havo boori”~o:ti%ioned
as nc3coss&ry to best take-off perfo,rmaiieo, ar~ adopted.

, .1 ,’ .
The problem of predicting porpoising characteristics

froa towing experiments has aot been satisfactorily’ solved.
Tests by the complete method., run at fixed-trim angles “as
they are in the N.A.C.A. tank, do not give any indicatio~
of the tendency to porpoise unless it is sufficiently vio-
lent to cause thci model to oscillate against -the restraint
o,f the moment springs No such tondoncy waS obsorvtid fo%
LModel 16s A theoretical discussion of the subjec,t.of por-
poising is giyqn ill roferonco 5. Tho ‘auth’orapoint out
that towing tests for” tho dotoction of porpoising rnw bo
dhfinitoly misleading unless the mass, the moment of inbrtia,
and tho aorotiynamic surfaces are f-aithfully rbproducQd in
the model. Tho oxnorirnontal difficulties of such procodtiro
“are groat, and obv~ously. aro quito-insurmount’ablo when the
modol is intondod for gon,oral application to C@Y Soaplano
dosignc It is hopod that furthtir-work Will-l”ead”io &a~i&-
factory cr,itorions defining tho conditions. under. which por-
poisingmay exist so that” the measu~omonts may ‘bo mado bn
tho modol to .givo tho designer.tho d_ata nocossary to avoid
such conditions. .

CONCLUSIONS

. . .

The following conclusions mar bo drawn from a compari-
son of tho results of Model 16 with thosa of Modol 11-A,
given in roforonco 4. IZowovor, it should bo borne in nind
that , although tho.models arc+ probe.bly repvosontativo of”
the rospoctivo typos as genorall~ a.ppliod, bettor oxo.mpltis
of either typo m,ay exist.

—J
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When the two forms are app~ied to a given ‘seaplane de.
sigu under optimum cohdltions for each:.,- ,,,

..”-
1. The hull-of the form of Uodel 16 will hayg’

higher resistance throughout the speed range.” Y

2, Mora difficulty w~ll be found in holding
““tho hull’ of thb forrn”of ~odel’16 at the best trim an-

gleo. ,,i’ ,.
,.

“3. The sptiay thrown while %qxyAng at 10”w’speeds
will be greateir Fbr.ldodel 16.

:.. ,.

,,
●

✎ ✎

Langley Memorial Aeronautical Laboratory,
Nati’6iial Advisory Committee for Aeronalztics?

.,’. Langley Field, Vas, August 10; 2933.
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TABLE I

OFFSETSOF li.A.O.A. MODEL 16

(Inches)

.-
Hell

.%5

Ltaabove ba8elin

= 1
.—

IhineDeok Obine

Half-

UL2
~.oo

0.02

1:%
2.s9

?:%

2%
6.91
7.50

1rL4;.00

L.39
).27‘
j.30

w.
r.!m—

?.al

-

6.03

;:% “w plg
2.63. 3.51
2.25 3.02 3:69
2.02 2. 3 3.35

J1.87 2. 3 ~.11
::~~ ::(3J q

1.51 2.11 2. 3
1.3131.98 2.50

‘Disttiefrom
oenterline(@- of”
a~etry) tobuttook
(seotionofhullsurfm
tie byplane~alel
toplaneefe~etry).

0.66
2.00
3.30
5.19

f*o

;.49
1.05
:.69
?.10

i!
1.6

..25

:3

.84

.71

8DisteJl
to~ter 11 (.e
hull8urfaa0made
ZOntagle.n(
baseline).

)aBeline
10IIof
T a horl-
?1t(para

—l.Ll
I-J
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Table 2

TA8LE II

Test Data for 17.A.O.A. Model Ho. 16 l’lylng-Boat=1

Kinematio vtaoosity = 0.000015*o~

Water temperature: 46° r.
l%nk m+mw Am3a4iwr. u% a lb -a- -, e+

Trim angle,T = 3° Trim pn-la. v = R“

madl Speed !ReeietanoelTrlmmlnglDraft Load18med lResietanoe]Trimmlng]Drafl
lb. f.p.B. lb. moment- at lb. f.p.e. lb.

lb.-ft.
mornent-at

Btep lb,-ft. ete~
in. in.

, I
80 6.7 -7.7 6.7 60 ;.:

7.a ::: 13.6 6.1
-a4.o 4.8

;:: - 6.7 :.:
8:9

70 6.7 3.4 -6.0 5.4 10.7
7.a 7,.6

8.2 ::: 4:7
la.8 S.06 ::.: la.a

1;% 30.a :::
60 6.7

.
6.0

7.2 :% $:: 6.25 60 6.0 a.6 -20.6 4.4
I a4.6 I la.8 1- I 3.0 I

60 6.7
7.a
a4.e
29.1

2.6

1:::
10.9

-8.4 “4.7
lg.: 4.85

:.;
34:s .

7.0 6.3 - 6.7 4.7
%.6 0.6

1;:: 2:$
Ia.a ::; ;::: :.;
13.8
16-B 10:3 63:0 8:8r .-

1
—

f 1
—

I I iE~6I ‘9,

1 I I I I I 6=-A I a
30

RO.w “i
23.7 :.:

32.0 2.6
19.5 :.:

28.9
$: NO

16.1
a7e5 2.2

84.2 :
9.1

13.5
26*7

1:5 28:3
38.6 ;.:

~.7 20.6 M
11.7 1,36

40
ao a4.3 4.7

13.8 6.8
10.7

28.6 3.6
16.6

28.8
7.9

8.1 ;:;6
41.s 3.3

16.6 7.8
34a ;::

41.6

s38.0
;.:5

6.8
17.0

z::
7.5 37.3 :::

40.0
19.a

7.0
7.4

1:1
a7.6 2.6

43.4
aooo

8.0 u
26.8 :.:

1.06 21.9 II; 20.6 .

3mIml-
6 28.3 l.a 1.0

34.3 ::: a.9
39*7 5.4 :?6
43.9 ::: .76
48.5 ::: .3 .’7 1

Trim mgle, T = 6° I

m

22;0
a4.o
a4.8
28.6
35.0

7:i a2i4
19.7

;:: 19.6
8.8 16.4
0.0 13.6

2.1
a.o
a.o
1.7
1.0

30 22.0
a&

34:7
36.1

?::
1.6
1.3
1.3

410 -L
a=. a

3::2
34.5
38.6
45.4

70 [ 6.0 I 3.3 I -29.3 I 5.2 I I :

aa.a
33.6
36.6

l-l
7.6 6:9 - 9.3

II
43*2

8.6 %:
49a

1::: 9.7 ::: 5.1
;:.: 11.6 19.6 6.1

.

7. w
4.8
6.8
tha
7.1
9.a

a.3
2: 2.s
6.1 a.3
8.a
0.6 :::1

a.-
1.s
l.a
1.2
1.1
1.1

1.0
1.0
.9

::

----
I

-.—
13.4 :a:o \ 4.9 I I I —
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TABLE II (Continued)

Teat Data for I?.A.C.A.Xodel No. 16 Flying-Boat MU
f~,a

KinematLo vlnoomity = 0.000015~oa

W.ter temperature” 48° B’.
Tmk water deneitys 63.6 lb. per ou.ft.

Trim angle, r-~o Tr~

)*f*

step
h.

3.15
a.s
a,6
a.z
a.a
1.9
1.?
1.5
1.5
l.as
1.3

1.75
1.55
1.4
1.4
1.15
1.0

;::
.9
.9
.9
.9

.9

.9

‘.8
.8
.8

.76

.7

.7

::

toat
lb.

Speed
f.p.a.

Reeistanoe
lb.

r:riag

lb. -ft.

had
lb.

@eed
!.p.a(

5 1.3
1.4
a.a
1.4

::

40 la.7
14.8
10.0
17.7
19.3
aa.o
a4*8
28.2
2&:

34:0

8.6
?.3
?.8
7.6

?::
7.0

:::
9.7
10.5

:+
.

:::
10.88

l&

20:1

::;
14.7
la.a
11.3
;:.:

.

10.3
9.4
7.7

u
4.3

Tzim eagle, r = 7°

3.6
7.1

1;;:
11.6
13.9

-35.9
~g.;

-6:4
16.5

-3i.4
-18.0
-14.3
- 2.7
18.3
~:.$

.

6;.8

s.a
6.S5 30 au9

24.2
26.0
28.4
34.0
39.0

6.06
6.0

:::---l=

L
70 6.a

u’
11.0
12.a
13.7
14.0
16.0
17.6
19.6

22
:::
10.1
12.1
12.0
14.0
14.3
14.3

:::
4.7
4.66
4.65
4.4
4.3
4.0
3.96
3.4

20 24,8
29.7
34.0
39.0
43.0
43.4

5.2
3.4
3.4
3.4

-.
2.;

12.5
la.a

10 1.4
.7
.7

:::
1.6

1.6

i:;
a.s
3.4

6.8

:::

1;:$!
13.0

60 6.3

:::
2:
6.0

H
9.2
lo.a
la.a
12.3
11.9
11.3
11.5

-51.7
-30.6
-al.2
-la.5
- 3.7

18:;
41.9

4.6
4.56
4.4s
4.3

::?
3.9

:::

u
2.0

11.O
12.2
la.6
13.7
16.0
17.2
19.3
a2.6
24.7

%:
34.1
39.4
43.s

5.2
6.8

1:::
la.861.6

48.3
33.2
26.2

Trlilangle, r

11.0
12.4

10.9
la.5
14.3
16.a
17.6
20.1

10.Q
la.3
~4.a
16.1
17.1
19.2
a2.o
a5.o

=9 o

80 -38.6 &;6
-a8.8 . I50 6.4

7.9

1::;
12.4
12.7
14.5
16.0
17.6
18.4
aa,o
24.7
28.3
28.9

-40.5
-26.4
-17.7
-12.5

.7

4.0
4*1
4.0

:::
3.6
3.3

:;:
a.6

?::
1.6
1.66

70 8.6
10.4 ---!-J

-37.6 3.96
-28.0
- a.7 :::s
18.4 3.3
19.3 3.1
27.2 a.7

13.1
14.2
15.0
14.9

1.5
18;3
a7.8
34.9
30.5
21.7
19.3
17.4
15.5

60
;::
11.1
la.a
12.3
13.1
13.3
12.9t

-,
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N.A.O.A. Teohnioal Note Xo. 471 Table a (Oont’et)

TA8M II (Oontinued)

Test Ds,iiafor N.A.O.A. Hodel Ho, 16 3’lying-6oatEul.1
*.2

IUnematio visooslty = 0.000015 ~oc

Water temperature: 48° F.
Tank we,tertienelty; 63.6 lb. per ou.ft.

Trim angle, T = 9° I
Re8i8tano<

lb.
hlmmiq
moment
lb.-ft

lraft Losd Speed Reslstanoe Trimming‘Dm#t
at lb. f.p.a. lb. moment
step lb.-ft. step
In. In.

Oad
lb.

Ipeed
:.p.s.

10.8
12.4
14.4
16.1
17.4
19.2
2a.o
24.8

%::

12.6
14.5
16.2
le.o
19.4
aa.o
a4.4
28.8
28.1
33.s

22.0
24.7
28.0
33.8

6.5 -35.9
-a5.5
- 7.0
~ 3.6
0.1

1:::
14.0
13.2
13.2

-22.0
-14.0
-10.6
- 8.6
- 3.6
6.2
8.8

%:
3.4

-3.0 20 23.5 6.2 -10.6 1.1
2.95 28.8 -6.1 1*1

28.0 ::: - 2.8 1.1
H
2.3 10 28.3 2.2 -27.2 - .6

:::
10.1
10.3
10.6
10.6
11.1
12.1
11.2

Trim angle, ‘r = 11°

12.72.4
2.3
2.15

16.0
16.3
18.0
20.0

14.2
14.0
16.0
15.1

-19.9
-16.4
-20.7
-a5.l

-27.7
-25.9
-28.5
-31.2

-33.8
-33.8
-36.6
-38.2

3::
49.6
-61*2+

3:
2.05
a.o
~.95 6Q
1.7
1.6
1.35
1.3
1.26 60

1.6
1.4
1.2
1.1 40

7.8
8.3

:::
11.1
10.6
13.3

1%:1.96
1.8

15.0
::.;

20:0

14.9
16.6
18.0
3Q.O

12.1
12.5
12.6
la.7

11.91.7
1.75
1.6

30 7.0

M
12.6

- 2.7
4.4
1.6
.8 11.61.36

1.3
1.1

.-.
14.8
16.4
18.1
ao.o

6.9
7.5
7.5
7.8

—

——
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Figure 4.-Model resistance and trimming moment, T = 3°
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N.A.C.A. Teolmioal Note No.471. I’ig.13

Trim singleW. Load 60 lb. Speed 5.7 f.p.s.

Trim aagle ~. Load 70 lb. 9peed 17.5 f.p.s.

Trim qle 5°. Load 10 lb. Speed 49.2 f.p.s.

Figuxe 13.-Ty-picalphotographs of Model No.16 under way.


